family experiencing financial strain and experiencing severe adversities leading to care placements have been shown to lead to a higher risk of ill health in early adulthood and receipt of DP in midlife [7, 8] . Problems with the context of development in adolescence, i.e. family level adversities, have been shown to operate as a direct adverse mechanism as well as through individual socioeconomic factors [6] . However, it remains unclear to what extent these family level effects are transmitted through individuals' socioeconomic position and health status in the period of transition to adulthood.
The association between low socioeconomic position and a higher incidence of DP is well established for both midlife adults and young adults. In addition to health status, low educational attainment [5, [9] [10] [11] and poor labour market integration [12, 13] are strongly associated with DP in middle-aged people. The contribution of socioeconomic position on DP increases with age [7] . However, the association between a precarious labour market position and DP has been found to be most evident among people below 40 years of age with regard to DP based on mental diagnoses [14] . However, research on early life socioeconomic determinants of DP in young adults is scarce [4, 14, 15] .
There are gender differences in the prevalence of the receipt of DP by young adults [3] [4] [5] . The gender effect varies by country and diagnosis [3] [4] . However, data on the association between adolescence adversities and DPs from perspective of gender are scarce. One Swedish study found substantial rates of substance abuse and offending for those with care placements and DP, particularly in men [8] . Men with adversities in adolescence may produce more externalizing problem behaviours and face diversion from health and other services [16] . Gender differences in the association between education, unemployment and DP are not consistently established [13] , with one Swedish study indicating that a poor labour market position gives a higher risk of DP among men than among women [14] .
Aims
We compared the risk of DP among those exposed to adversities in adolescence and those not exposed. In addition, we investigated whether, and to what extent, low educational attainment, poor labour market attachment and mental ill health operate as pathways from adolescent adversity to DP and whether the joint mediation of these mediators differed from their separate mediation. The hypothesis was that adolescents with adversities would have an increased risk of DP compared with their counterparts without adversities. We hypothesized that low educational attainment, poor labour market integration and mental disorders act as key underlying mechanisms in this relationship, both separately and in combination.
Methods

Study population
This was a cohort study using a 60% sample of children born in Finland between 1983 and 1985 and who were living in Finland in 2001. The size of the study cohort was 119,600. The beginning of the follow-up time was defined as 2004. The age range of the cohort was 19-21 years at the beginning of the follow-up period. The beginning of the follow-up period was set to one year after the median year for completing secondary education. In Finland, the typical transition to adulthood consists of a completion of secondary education and moving out of the family home at around the age of 20 years. This transition typically occurs earlier for women than for men. In terms of the highest annual averages, 24% of men and 30% of women participate in post-secondary education.
We excluded those people who had a record of DP (n=1770) and those who had left the data pool (n=1042) prior to or at the beginning of the followup period, i.e. from 2001 to 2004. After excluding those with no time-to-event or censoring (2.3% of participants), the study population was reduced to 116,788. Several nationwide population and health registers were used and the data from different register holders were linked using the national ID number given to every Finnish citizen at birth and to permanently residing foreign nationals [17] . The register holders approved the use of the data for this study and the study was approved by the ethics committee of the Rehabilitation Foundation of Finland.
Exposures
Information on adversity in adolescence was obtained from the National Institute for Health and Welfare. Financial strain was operationalized as the receipt of income support by the parents of the participants between 1995 and 2002, as obtained from the Income Support Register. Income support is a last resort, means-tested benefit within the social assistance system, the purpose of which is to provide support to individuals and families with no or little income. Severe adversity was operationalized as the participants' individual record of care placements between 1995 and 2002 obtained from the Child Welfare Register. Care placement is used to provide special protection when a child's right to a safe growth environment and balanced development has been severely compromised. Care placements result from maltreatment or harmful behaviour (e.g. drug abuse, criminal behaviour, school drop-out) when interventions through open care have proved insufficient. Participants were considered to be exposed if one or more records of parental income support or care placement were found during those years. Both exposure variables were dichotomized as yes/no.
Outcomes
The study outcome was an all-cause DP, as recorded by the Social Insurance Institution of Finland and by Statistics Finland in the period 2004-2010. At the end of the follow-up period, the age of the cohort members was 25-27 years. According to Finnish legislation, people with a decreased working capacity caused by a chronic illness, disability or injury may be entitled to a DP, which can be either a fixed-term or permanent benefit. A fixed-term DP is granted when regaining working capacity and return-to-work are assessed as conceivable. In practice, most fixedterm DPs are renewed at the end of the term. The beginning of receipt of a DP was treated as the outcome event and the survival time was the distance between the year of entry and the year of a positive DP decision or censoring from the data. Rehabilitation allowance, an allowance for completing education for those with a medical condition, granted by the Social Insurance Institution of Finland, was considered a DP if there was a direct transition from the allowance to DP. The purpose of the exclusion criteria was to exclude severely disabled young adults with no or little prospect of participate in working life [5] .
Mediators
The baseline covariates consisted of three separate risk factors measured in the year at the beginning of the follow-up period and in the previous year (referred as 'mediators'). The baseline years were the same for the whole population (2003) (2004) . The level of educational attainment (implying completion of primary education or less/secondary education) was obtained from Statistics Finland. Data on poor labour market position (implying not being in employment or education) also came from Statistics Finland. As being in either employment or education mark the typical trajectory of a young adult, all other employment statuses (i.e. unemployed or being out of the labour market for a reason other than education) were considered as risk statuses. Information on mental disorders was based on annual data on the purchase of psychotropic drugs and was obtained from the Social Insurance Institution of Finland. The covariate was set to a positive value if a participant had a registered purchases of drugs with ATC codes of antidepressants (N06A), anxiolytics (N05B), sedatives (N05C), antipsychotics (N05A), psychostimulants (N06B), or psycholeptics and psychoanaleptics (N06C). The variables labour market position and psychotropic drug use were set to three categories: 0, those with no record; 1, those with a record of one year; and 2, those with a record of two consecutive years during the entry years and one year before.
Transitions to further education or employment during the follow-up period
The impact of the mediators was hypothesized to be associated with the subsequent receipt of DP through a path of full exclusion from employment or education. We included a covariate containing information on any transition to further education or employment during the follow-up period ('transitions'). Labour market trajectory was defined as: 0, no transition to third-grade education or employment during the follow-up period; or 1, any transition to third-grade education or employment during the follow-up period.
Statistical analysis
Hazards ratios (HRs) with their 95% confidence intervals (95% CIs) for the incidence of DP were calculated using the Cox regression procedure. Analyses were stratified by gender as transitions to adulthood might be different among men and women as a result of military service, childbearing or a different prevalence of mental health problems. All statistical analyses, except those shown for descriptive purposes in Table II and Appendix I, were adjusted for baseline family status (living with parents, single, cohabiting, own family, other) and first language (Finnish/other).
In the first phase of the mediation analysis, we addressed mediation through a sequential introduction of mediators in subsequent regression models. First, the predictors were addressed individually (Model 1). Educational attainment, labour market position (not being in employment or education) and drug purchases were first introduced into the models individually (Models 2-4) and then simultaneously (Model 5). In the final model (Model 6), we added into the model the covariate indicating any employment or educational transitions during the follow-up period. We identified the mediation hypothesis to hold if the effect of the predictor on the outcome diminished completely or partially. In the second phase of mediation analysis, to quantify the relative contribution of different mediators, we used the formula for explaining the proportion of excess of an effect. We calculated an approximate mediated proportion, i.e. the difference between the model not including the mediator and the model including the mediator, with a formula suitable for multiplicative scales (1-log HR A /log HR U ) × 100. In this formula, log HR U is the log-transformed HR for DP conferred by the predictor, but unadjusted for mediators, and log HR A is the log-transformed adjusted HR after accounting for mediators. The log-transformed figures allow for mathematically stable, if qualitatively similar, estimates for model comparison, compared with using plain HRs in the formula [18] . Both mediation analyses were based on the same statistical models. Web appendix I provides an illustration of the study design.
(online supplementary data is available at http://sjp. sagepub.com/supplemental).
The proportional hazards assumption was tested with log-log survival curve comparison, which showed no indication of violation of the assumption for study covariates. However, it must be noted that the study covariates did not pass the test of Schoenfeld residuals. For simplicity and ease of interpretation, we present results with non-time-varying HRs. All analyses were performed using Stata 12.1 software.
results
Baseline characteristics
The participants remained in the study population for 5.9 years on average, totalling 690,442 years at risk. Among the 116,788 participants, 822 (1.4%) men and 775 (1.4%) women were granted DP during the follow-up period. Among those whose parents had received income support, 360 (2.3%) men and 308 (2.0%) women were granted DP. Among those with a history of care placements, 79 (5.1%) men and 81 (5.7%) women were granted DP. Table I shows the background characteristics of the cohort at entry to the study. Compared with the total population, the groups with adversities in adolescence had a substantially lower level of educational attainment at baseline and were more often not in employment or education. The difference with the total population was more pronounced in the group of more severe adversity of care placements. There were gender differences in the remaining covariates. Although 62% of men in the total population were living with their parents, the corresponding figure for women was only 37%. The proportion of those cohabiting, married or living with their own children was higher for women and it was particularly high for women belonging to the exposure groups. The purchase of psychotropic drugs was more common among women. Not being able to make a successful transition to further education or employment during the follow-up period was more common among men. Statistical analyses of exposure-mediator relationships are provided in Appendix I. The prevalence of DPs and crude HRs for the study covariates are shown in Table II . Not completing secondary education amounted to an HR of 3.7 for men and 4.1 for women. The likelihood of being granted a DP increased for being in a poor labour market position and for purchases of psychotropic drugs in a dose-response manner. HRs for those not in employment or education for one year were 2.0 for both men and women and for two consecutive years were 5.1 and 3.9 for men and women, respectively. Psychotropic drug purchases resulted in HRs of 10.8 and 8.3 in men and women, respectively, for those who had made purchases in one year and 20.0 and 15.2 for those with purchases in two consecutive years at entry to the study. A lack of any transition to employment or education during the follow-up period showed a higher risk for men than women, with HRs of 18.9 and 13.5, respectively.
Main effects
Having parents who had received income support doubled the hazard of DP (Table III) . For those with a care placement record, the risk of DP incidence was 3.8-4.5-fold, with the highest risk for women with a care placement record. In Models 2-4 the HRs each individually attenuated notably after controlling for educational attainment, labour market position and psychotropic drug purchases. Accounting for the combination of these mediators in Model 5, we found that the HRs decreased to 1.36 (95% CI 1.21-1.53) in men with parental receipt of income support and to 1.23 (95% CI 1.00-1.51) in men with a history of care placements, respectively. The corresponding figures for women were 1.21 (95% CI 1.07-1.36) and 1.58 (95% CI 1.29-1.92).
In the final model (Model 6), after controlling for a lack of any transition to employment or education during the follow-up period, we found a further decrease in the HRs in men with parental receipt of income support to 1.20 (95% CI 1.06-1.26) and in men with a history of care placements to 0.91 (95% CI 0.74-1.11). The corresponding figures for women were 1.08 (95% CI 0.96-1.23) and 1.21 (95% CI 0.99-1.48), respectively. This indicates that low educational attainment, being out of employment or education and purchases of psychotropic drugs at the labour market entry phase are often markers of a subsequent trajectory with no transition to employment or education, leading to the receipt of DP.
Stratified analyses indicated gender differences. After accounting for mediator and transition covariates, the direct association between the predictor and the outcome became statistically non-significant in all strata apart from the men with parental income support. In the strata of men with parental income support, the predictor-outcome association was substantially reduced, yet a significant direct path remained.
Mediating mechanisms
To further explicate the mechanism between the risk factors and DP, we quantified the contribution of each mediator to the observed association between adversities in adolescence and DP (Figure 1) . The mediating mechanism differed by the type of adversity and gender. For those participants with parental income support, mediation through examined paths was stronger for women. In contrast, for those with a history of care placements, the mediators contributed more to the men's risk of DP than the risk for women.
For men, the intermediate path through investigated factors appears to be stronger in the case of severe adversity indicated by care placement compared with less severe adversity indicated by the receipt of income support. The association between parental income support and DP was 59% explained by poor educational attainment, poor labour market status and psychotropic drug purchases at baseline, whereas 85% of the association between care placement and DP was explained by these factors. The corresponding figures in the final models were 76 and 100%. The differences in purchases of psychotropic drugs at entry to the study explained this difference to a large extent. The proportion of mediation for psychotropic drugs differed by 31 percentage points between the exposure groups. For women, the approximate mediated proportion of mediators was the same for both exposure groups (72 and 70%) and in the final model (87%). The proportion assignable to educational attainment was 17 percentage points higher for those with parental income support compared with those with a history of care placements, whereas mediation through psychotropic drugs was higher for those with a history of care placements by 15 percentage points.
Discussion
This large population-based study adds to the existing evidence by showing how social circumstances in adolescence increase the risk of DP in the critical period of early adulthood. We investigated the extent to which the association between adversities in adolescence and DP in early adulthood is attributable to factors that are probable consequences of adolescent adversity, i.e. a person's poor educational achievement, weak labour market position and mental ill health. Several studies have suggested that these factors are among the major social determinants of social exclusion and DP [5] [6] [7] [8] [9] [10] [11] . To the best of our knowledge, no previous study has investigated the pathways from an exposure to adversity in adolescence to DP in early adulthood.
Consistent with the existing literature [4] [5] [6] , we found that the risk of all-cause DP was higher for those participants with adversities in their developmental context, i.e. family-related adversities in childhood played a significant part in work DP in early adulthood. We chose to use two predictors reflecting different types and levels of adversities during adolescence. Parental income support reflected experienced financial strain and care placements indicated more severe adversities of maltreatment or harmful behaviour. Consistent with previous findings, the risk of DP was twice as high for those who had experienced more severe adversities leading to care placements compared with the less severe adversity of growing up in a family experiencing financial strain [6] . We found that more severe adversities during adolescence more often led to several problems at the labour market entry phase, and more often to full exclusion from the labour market. This, in turn, may explain differences in DPs. We showed that with more severe adversity, i.e. a history of care placements, with a higher initial risk for problems at the In this formula, log HRU is the log-transformed HR for DP conferred by the predictor, but unadjusted for mediators, and log HRA is the log-transformed adjusted HR after accounting for mediators. *Corresponding model in Table III . Hazards ratios (HRs) adjusted for first language and family status. **Mediators: education, labour market position, purchase of psychotropic drugs. ***Transitions: Any transition to employment or further education during the follow-up period. labour market entry phase, a larger proportion of excess risk was mediated by these factors.
We found a significant association between the mediators and the outcome, but also that a relatively high portion of the association between adversities in adolescence and DP could be attributable to problems at the labour market entry phase. As shown by the model comparison, poor educational attainment was connected to poor labour market attachment and mental ill health and that these effects were to some extent intertwined, as has been suggested by meta-analyses [19, 20] . However, it goes beyond the reach of this study to assess the causal directions of associations between these mediators.
DP is a very age-dependent benefit. In general, older age is associated with the receipt of DP [3, 11] . Socioeconomic health inequalities also seem to be age-dependent. Inequalities increase over time as they are very small or non-existent in childhood and adolescence, but very marked by early middle age [7] . Among young adults, the proportion receiving DP based on mental diagnoses is greater than that among midlife and older adults [3, 4] . In addition, the association between a precarious labour market position and DP has been found to be most evident among younger adults with regard to DP based on mental diagnoses [14] . The socioeconomic inequalities may be less apparent in early adulthood, but they have diagnosis-and age-specific characteristics associated with labour market attachment.
The paths from adverse adolescence circumstances to ill health in early adulthood may be gender-specific. There were gender-related differences in the distribution of family formation, educational attainment, employment status and psychotropic drug purchases at the beginning of the follow-up period. We found a considerable gender difference in the indirect paths. For those with a history of parental income support, the proportion of mediation through low educational attainment was higher for women. For those with a history of care placements, the proportion of the mediation through labour market position and psychotropic drug purchases was higher for men.
There is a paucity of research on gender differences in receipt of DP in young adults. However, in previous studies, it has been suggested that there may be gender differences in the vulnerability to the effects of adverse family level experiences [7] or in social insurance practices, disease patterns or workrelated factors [21] . The association between precarious labour market position and DP may vary with DPs based on different diagnoses [15] and this may lead to gender differences. Unfortunately, in this study we were not able to link the data on exposures to different diagnoses. In the case of care placements, one possible explanation is that there may be gender differences in 'deviation from norms' that lead to care placements, thus making women and men in this strata qualitatively different. The reasons behind care placements (such as parental maltreatment or harmful behaviour in adolescence) may also be different among boys and girls. However, the data did not allow differentiation between care placements being due to maltreatment or harmful behaviour, nor linkage to follow-up data on externalizing problem behaviours that are more prevalent in men with adolescence adversities [8, 16] . An apparent weakness in using register data is the difficulty in evaluating many important patterns of health affected by gender. For example, there may be significant gender differences in health behaviours that might mediate the associations between earlier circumstances and early adulthood ill health and disability [7] .
Disabilities constitute a continuum from enablement to disablement. In register studies where disability is considered as dichotomous, the question of left-censoring and the specification of the beginning of the follow-up period plays a significant part in the interpretation of the results. When exploring a phenomenon connected to the labour market entry phase, we may wish to exclude those with severe disabilities, who are unlikely ever to enter the labour market. Such exclusions would allow a better identification of the preventable causes of receipt of DP [5] . We used a predefined calendar year as the beginning of the follow-up period. This approach led to the inclusion of many of those with problems achieving educational and employment transitions in a 'typical' time frame due to ill health. This may lead to an over-emphasis of low educational attainment as a preventable cause leading to the receipt of DP. We could use natural transitions, such as the completion of secondary education or transition to the labour market, in the determination of the beginning of the follow-up period. The results would then be different as the receipt of DP is concentrated in those who neither achieve any further education nor are successful in employment transitions in young adulthood. We approached this issue with a covariate controlling for full educational and labour market exclusion during the follow-up period.
Two critical pathways were not included in this study. First, we had no information about the health of the parents and to what extent the effects of the predictors were a result of the parents' disabilities, i.e. the parental health selection to adverse predictor groups remains uncertain. There is evidence of direct 'inheritance' of DPs [5, 8, 22] , which could not be explored with the available data. Second, a disadvantaged social background is connected to poor childhood health and subsequent adverse effects on educational attainment and other socioeconomic position dimensions [23] . It would be reasonable to assume this to also be true for the receipt of DP.
The time-dependence of mediational covariates, i.e. the failure to meet the proportionality assumption criteria statistically, reflected the fact that young adults experiencing educational, labour market and mental health problems at entry to the study were more likely to transit to DP on the first or the second year after study entry. Presumably, these factors may serve at the same time as factors contributing to receipt of DP and as a part of a process of DP. For example, high increases in the levels of psychotropic medication have been observed to precede transitions to DP [24] , or a person needs to be on sick leave, i.e. to be outside the labour market, for a certain time before being granted DP.
The inherent analytical complexity of using nonmedical predictors partially results from their interdependence. A mediational framework allowed some problems connected with standard multivariate models of risk causation to be overcome [25, 26] . We acknowledge the limitations of the selected mediation analysis. For example, a comparison of HRs has been argued to be mathematically unstable. Observed changes in estimates cannot be interpreted as an exact quantification of causal relations. Modern counterfactual and dynamic path analyses have been argued to provide quantitatively stronger alternatives for estimating direct and indirect effects [27, 28] . However, these methods are not present in standard statistical software packages. As the estimations of mediation based on modern counterfactual and HR methodology have been shown to be qualitatively similar, the present procedure is widely accepted by the research community if a precise quantification of the indirect effect is not what is pursued [27, 29] .
conclusions
The social exclusion of young adults through long-term sickness and disability is a major public policy concern. Both family-related and individual social factors have been shown to be associated with later ill health. Even with the limitations indicated in this paper, we found that the labour market entry phase (materializing around the age of 20 years) can be a major opportunity for public health policy. Intergenerational disadvantages leading to severe health problems seem to operate though socioeconomic and health conditions that are at their lowest at this point. We highlighted the importance of the labour market entry phase as a major public health concern, which could be approached with interventions that take into account the gender specificity of the service need.
We used registers containing information of the use of social security benefits (parental financial support) and interventions (care placement) to indicate adverse developmental contexts. In our view, with a direct link to the implementation of social policy measures, this approach allows for a pragmatic measure to investigate intergenerational socioeconomic position as a cause of disability. From the public health point of view, these results allow for improved strategies to prevent the receipt of DP in early adulthood, as the mediators may be more accessible for intervention than the exposures [24] . We recommend a complex intervention approach to target adolescents living in families facing financial and other more severe adversities. These measures could consist of several components, with each intermediate adversity affected in a coordinated manner. These include, as previously suggested, targeted interventions that improve school performance and the screening of the mental health problems of children in care [8] . Adding interventions targeted directly at integration into the labour market, such as evidence-based supported employment and education, might lead to better mental health [30] and would thus ultimately prevent the receipt of DP. This would require paying more attention to the life course perspective in designing services for those in the most vulnerable situations during adolescence.
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